A b s t r a c t : T h i s Sampling and A n a l y s i s Plan (SAP) p r o v i d e s d i r e c t i o n f o r t h e f i r s t sampling o f sludge from t h e K East Basin spent f u e l c a n i s t e r s . The s p e c i a l l y developed sampling equipment used removes r e p r e s e n t a t i v e samples o f sludge w h i l e m a i n t a i n i n g t h e r a d i o a c t i v e sample underwater i n t h e b a s i n pool (equipment i s described i n WHC-SD-SNF-SDD-004). I n c l u d e d a r e t h e b a s i c background l o g i c f o r sample s e l e c t i o n , t h e o v e r a l l l a b o r a t o r y analyses r e q u i r e d and t h e l a b o r a t o r y r e p o r t i n g r e q u i r e d . These a r e based on requirements p u t f o r t h i n t h e d a t a q u a l i t y o b j e c t i v e s (WHC-SO-SNF-DQO-008) e s t a b l i s h e d f o r t h i s sampling and c h a r a c t e r i z a t i o n a c t i v i t y .
TRADEMARK DISCLAIMER. trade name, trademark, manufacturer, or otherwise, does not necessarily c o n s t i t u t e hr imply i t s endorsement, r e c m n d a t i o n , or favoring by the United States Goverment o r any agency thereof or i t s contractors or subcontractors. 
Reference herein t o any

LIST OF FIGURES
1.
Overview o f C a n i s t e r Sludge Sampling Equipment . , 2. General Sample A n a l y s i s S t r a t e g y . . . . . . .
. . 10 . . 16
LIST OF TABLES
1. 105-K East C a n i s t e r Sludge Analyses f o r t h e 
105-K East I r r a d i a t e d Fuel Storage Basin
Comprehensive Environmental Response, Compensation, and L i a b i l i t y A c t C a n i s t e r Storage B u i l d i n g Data Q u a l i t y O b j e c t i v e D i f f e r e n t i a1 Scanning C a l o r i m e t r y Double S h e l l Tank Gamma Energy A n a l y s i s I o n Chromatography I n d u c t i v e l y Coupled Plasma I o n S p e c i f i c E l e c t r o d e
105-K East I r r a d i a t e d Fuel Storage Basin E x c l u s i v e o f Remote P i t s L e t t e r o f I n s t r u c t i o n M u l t i -C a n i s t e r Overpack Minimum D e t e c t i o n L i m i t N o n d e s t r u c t i v e T e s t i n g P o l y c h l o r i n a t e d Biphenyls P a c i f i c Northwest N a t i o n a l L a b o r a t o r i e s p a r t s p e r m i l l i o n P r a c t i c a l Q u a n t i t a t i o n L i m i t p o l y t e t r a f l u o r o e t h y l ene Q u a l i t y Assurance
Qual i t y C o n t r o l
Resource Conservation Recovery Act o f 1976 R e l a t i v e Percent D i f f e r e n c e ; [ ( r e s u l t l -result2)/mean]*100
Sampling and A n a l y s i s Plan S a f e t y and A n a l y s i s Report S a f e t y and A n a l y s i s Report f o r Packaging S e r i a l D i l u t i o n 105-K East Sand F i l t e r Backwash P i t Spent Nuclear Fuel Evaluations Group Spike A n a l y s i s Semivol a t i l v e Organic A n a l y s i s T o t a l Carbon T o x i c i t y C h a r a c t e r i z a t i o n Leaching Procedure Thermal G r a v i m e t r i c A n a l y s i s T o t a l I n o r g a n i c Carbon T e n t a t i v e l y I d e n t i f i e Specifically this SAP contains the plan for sampling the sludge located in the fuel storage canisters ("canister sludge") and specific requirements for the laboratory analyses to be performed on the samples. This SAP is supplemented by (1) a Canister Choices document, which summarizes the specific canisters to be sampled for sludge in K East Basin and rationale of this selection, (Makenas 1996b) , and (2) Letters of Instruction, LOI, which will provide detailed instructions to the laboratories on which samples should receive a particular analysis and how samples should be handled. The DQO (in Sections 2.4.2 and 2.4.3) contains the general rationale for canister selection which was the basis for the Canister Choices document. Additional discussion of this selection is provided in Section 2.2.1 of the present document.
SAMPLING AND ANALYSIS ACTIVITY OBJECTIVE AND GOALS
The DQO (Makenas et al., 1996a) for this activity summarizes the objectives and logic relating this sampling effort to key Spent Nuclear Fuel (SNF) project activities. are related t o (1) the retrieval, storage, and disposal of K Basin sludge (both canister sludge and floor sludges), and (2) the impact of residual canister sludge accompanying spent fuel elements to the Canister Storage Building (CSB) in Multi-Canister Overpacks (MCO). The specific characterization decisions are:
The basic decisions requiring this characterization
1.
Does the K Basin canister sludge meet established acceptability criteria for storage and treatment in the Hanford Tank Waste Remediation System (TWRS), specifically in one or more double
4
WHC-SD-SNF-PLN-016, Rev. 0 shelled tanks (DST)? (A secondary consideration here is the potential backup alternative of the sludge being dispositioned as solid waste. follow the related waste to ultimate disposal in a permanent repository. )
Samplinq Goals: canisters--seven from canisters with fuel elements and two from non-fueled canisters.
laboratory. Aliquots then will be submitted for analyses to determine chemical and isotopic compositions of selected constituents. Gross physical properties of sludge will also be obtained from the samples (e.g., settled density, volume, weight, settling time, behavior of selected layers, particle size, etc.).
This will provide estimates of the analyte concentrations considered necessary by TWRS (Fowler 1995a (Fowler , 1995b to allow their review and acceptance of the sludge for placement in a DST. provide estimates of analyte concentrations important to successful handling of sludge as solid waste (Willis 1993).
In either case the sludge would be stored and then
Obtain representative samples from the Deliver samples to a Hanford analytical It will also 2.
What actions if any, must be taken during the drying, conditioning, and storage of K Basin spent fuel elements in MCOs as a result of residual canister sludge which accompanies the spent fuel elements?
Samplina Goals: canister sludge that are meaningful to pending decisions on proposed drying and conditioning parameters for the fueled MCOs. any toxic constituents that potentially influence permitting or final disposal of the fuel elements.
What is the best choice of equipment to successfully retrieve, handle (e.g., pump, etc.), and process canister sludge?
SamDlinq Goals: Obtain fluid and rheological properties which characterize K Basin canister sludge samples to allow accurate development and qualification o f designs for sludge handling equipment (i.e., transport, processing, etc.).
Obtain drying data from representative samples of Quantify 3.
4.
What are the best simulants to mimic the physical properties of the K Basin canister sludge to allow development and testing of critical eriiipment designs?
SamDlinq Goals: Similar to Item 3.
5.
Can It should be noted that the current draft of the "Memorandum of Understanding for K Basin Sludge Transfer to Tank Waste Remediation System," between the Spent Nuclear Fuel (SNF) project and TWRS, agrees TWRS will provide complete acceptance criteria to the DST. This task has not been completed. may increase over the current basis (Fowler 1995a (Fowler , 1995b ) once the final criteria are developed. These additional characterization needs (e.g., repeating some analyses with K Basin sludge mixed with DST tank waste, etc.) will likely be accommodated with the planned contingent sample volume that should be available from this sampling campaign. The K East r e a c t o r stopped t h e i r r a d i a t i o n o f f u e l i n 1971. I n 1976, t h e b a s i n s t a r t e d r e c e i v i n g i r r a d i a t e d f u e l from t h e 105-N Basins. The f u e l was s t o r e d i n t h e b a s i n i n t w i n b a r r e l e d c a n i s t e r s open on t h e t o p (Baker 1995b) .
A p o r t i o n o f t h i s f u e l i s s t i l l s t o r e d i n t h e basin today, and some f u e l elements have breached c l a d d i n g such t h a t s i g n i f i c a n t c o r r o s i o n o f t h e exposed uranium f u e l m a t e r i a l has occurred. These c o r r o s i o n products are p r i m a r i l y h y d r o l y z e d metal and d e t e r i o r a t e d f u e l compounds t h a t p r e c i p i t a t e as a f l o c c u l e n t sediment i n t h e bottom o f t h e c a n i s t e r b a r r e l s and basin. A n a l y t i c a l r e s u l t s (Baker 1995b ) have shown t h e m a t e r i a l t o c o n t a i n predominantly sands, f e r r i c oxides, aluminum oxides and uranium o x i d e r e s i d u a l s . The sludge has a l s o been found t o c o n t a i n t r a c e amounts o f barium, cadmium, chromium, lead, and samarium. F i n a l l y , t h e sludge i s known t o c o n t a i n p l u t o n i u m based on a n a l y s i s o f m a t e r i a l s c o l l e c t e d from t h e 105-K East Sand F i l t e r Backwash P i t (SFBWP) and i t s t r a n s f e r channel (Bechtold 1994) .
Measurements o f f l o o r sludge depths i n t h e 105-K East Main Basin were made i n 1994 and have shown t h a t t h e b a s i n f l o o r i s covered w i t h sludge t o a depth o f 5 t o 19 cm (Baker 1995b ) and t h a t t h e Weasel P i t i s covered w i t h sludge up t o a meter o r more i n depth. P o t e n t i a l l o c a l sources o f sludge t h a t c o u l d i n f l u e n c e t h e f l o o r sludge c h a r a c t e r i z a t i o n were evaluated by t h e Spent Nuclear Fuel E v a l u a t i o n s (SNFE) group, (Baker 1 9 9 5~) . The l o c a l c o n d i t i o n s considered were: Fuel sludge passing through openings i n c a n i s t e r s c o n t a i n i n g breached f u e l elements C o r r o s i o n o f t h e aluminum c a n i s t e r s F l a k i n g p a i n t o f f t h e f u e l storage racks H i s t o r i c a l a c t i v i t i e s (e.g., f u e l handling) a f f e c t i n g areas near t h e mouth o f t h e p i t s (i.e., Weasel P i t , Tech View P i t , Dummy E l e v a t o r P i t , and South Load-Out P i t ) .
Sloughing o f t h e unsealed concrete w a l l s t h a t form t h e b a s i n 7 WHC-SD-SNF-PLN-016, Rev. 0 Detailed sampling and analyses were r e c e n t l y completed f o r t h e f l o o r sludge i n t h e K East Main Basin and Weasel P i t . These r e s u l t s a r e c u r r e n t l y under f i n a l review ( S i l v e r s 1995; Miller 1996) with a f i n a l r e p o r t scheduled f o r May 1996. Results t h u s f a r have shown agreement w i t h general expectations (Welsh e t a l . , 1995) with the exception of t h e unexpected i d e n t i f i c a t i o n of polychlorinated biphenyls (PCBs) i n some of t h e sludge samples.
c h a r a c t e r i s t i c s ) of t h e sludge located i n t h e fuel s t o r a g e c a n i s t e r s i n K East Basin except f o r a l i m i t e d s e t of sludge depth measurements made i n empty c a n i s t e r b a r r e l s and one c a n i s t e r barrel containing f i v e fuel assemblies (Baker 1995b ).
To-date t h e n e a r e s t m a t e r i a l s t o c a n i s t e r sludge t h a t have been chemically analyzed in d e t a i l a r e t h e recent f l o o r sludge samples from t h e Weasel P i t and one of t h e Main Basin Samples (KES-0-09). The Weasel P i t has sludge t h a t was pumped i n t o i t from t h e Segregation-Discharge Chute a r e a . Since this a r e a was used i n t h e past t o dump out c a n i s t e r b a r r e l s t o recover fuel elements, sludge from t h e c a n i s t e r s was l i k e l y included i n t h e accumulated sludge on t h e f l o o r in t h i s a r e a . This however i s l i k e l y a very poor b a s i s since t h e r e i s no way of knowing t h e c a n i s t e r sludge d i l u t i o n once mixed with t h e f l o o r sludges i n both t h e Segregation-Discharge Chute and t h e Weasel P i t . S i m i l a r l y , t h e KES-0-09 sample was taken near breached fuel elements and showed a high concentration of fuel r e l a
t e d m a t e r i a l s . t h i s sludge i s l i k e l y s i m i l a r t o c a n i s t e r sludge t h e d i l u t i o n i t would have i n t h e components of t h e f l o o r sludge i s unknown.
To b e t t e r understand t h e character of t h e c a n i s t e r sludge p r i o r t o t h e s e l e c t i o n of t h e c a n i s t e r b a r r e l s t o be sampled f o r sludge, i t i s planned t h a t a survey be made of over 50 candidate c a n i s t e r b a r r e l s f o r (1) f u e l element condition (accomplished by visual inspection using underwater video cameras) and ( 2 ) sludge depth (measured by ultrasound techniques). The survey ( P i t n e r 1996) w i l l be completed p r i o r t o the sampling campaign and should provide d e f i n i t i v e information t o a s s i s t i n c a n i s t e r s e l e c t i o n . Survey d a t a w i l l a l s o a s s i s t i n s e l e c t i n g r e l a t e d fuel elements t h a t w i l l be removed and shipped from K East Basin f o r fuel c h a r a c t e r i z a t i o n during t h e same time period.
The primary o b j e c t i v e s of t h e analyses of t h e c a n i s t e r sludge a r e v e r i f i c a t i o n of (1) i t s general s i m i l a r i t y i n dependencies and composition t o t h e f l o o r sludge, and ( 2 ) establishment of those areas where i t s c h a r a c t e r i s t i c s may d i f f e r from f l o o r sludge. s e l e c t i o n of candidate c a n i s t e r b a r r e l s t o be sampled f o r sludge are:
There a r e no apparent d a t a on depth ( i . e . , volume) o r composition ( i . e . ,
While
Variables considered f o r t h e Condition of fuel elements i n barrel (e.g., cladding degradation, damaged f u e l , e t c . )
Age of fuel in barrel Condition (e.g., corroded) and material (e.g., aluminum) o f c a n i s t e r Type of c a n i s t e r barrel (e.g., open bottom, s l o t t e d , e t c . )
Depth of sludge i n b a r r e l . b a r r e l -a WHC-SD-SNF-PLN-016, Rev. 0 Information on t h e f i r s t f o u r v a r i a b l e s a r e c u r r e n t l y a v a i l a b l e . Information f o r the f i f t h v a r i a b l e w i l l not be a v a i l a b l e u n t i l j u s t before sampling when t h e survey o f sludge depths i n c a n i s t e r s i s completed using the ultrasound methods described previously. Information on a l l f i v e of t h e s e v a r i a b l e s w i l l be considered when determining t h e c a n i s t e r s t o be sampled f o r sludge and t h i s s e l e c t i o n documented in t h e Canister Choices document (Makenas 1996b ), a l s o see Section 1.1 of t h e present document.
Besides t h e s e f i v e v a r i a b l e s noted previously i t i s expected t h a t t h e same parameters t h a t the basin f l o o r sludge (Welsh e t a l . , 1995) i s dependent on w i l l be present f o r the c a n i s t e r sludge. This follows s i n c e t h e c a n i s t e r b a r r e l s i n K East Basin a r e open on t h e top and will c o l l e c t a portion of a l l the m a t e r i a l s s e t t l i n g i n t h e basin pool. These f l o o r sludge parameters w i l l be q u a n t i f i e d from t h e c h a r a c t e r i z a t i o n analyses and evaluations c u r r e n t l y being completed f o r t h e K East Basin f l o o r sludge (e.g., Miller 1995). Therefore dependencies of c a n i s t e r sludge on these l a t t e r parameters w i l l be i n general v e r i f i e d f o r c a n i s t e r sludge, but analyses will not n e c e s s a r i l y be made on every c a n i s t e r sludge sample. In a few instances analyses of t h e K East Basin f l o o r sludge samples w i l l be assumed t o be s u f f i c i e n t and not repeated f o r t h e c a n i s t e r s sludge ( i . e . , cyanide, pH, ammonia, VOAs). E s s e n t i a l l y a l l t h e types of analyses planned f o r t h e c a n i s t e r sludge samples (Tables 1 and 2 ) were a l s o performed on t h e recent f l o o r sludge samples.
SAMPLING INFORMATION
Sample Collection and Handling
The sampling w i l l be conducted such t h a t t h e operation does not impact t h e water q u a l i t y l a i r emissions a t t h e K East Basin. i s described i n t h e System Design Description document (Baker 1996) . sampler u t i l i z e s s p e c i a l l y developed equipment made t o sample sludge from t h e fuel storage c a n i s t e r b a r r e l s while keeping t h e sample a t l e a s t 10 feet under the surface of t h e Basin water pool, Figure 1 . composed of a sealed sample container of apFroximately 10 l i t e r s , constructed of s t a i n l e s s s t e e l having "quick disconnect l i d . The o u t l e t i s attached t o a pump t h a t evacuates t h e a i r from the sealed sample c o n t a i n e r . The i n l e t i s attached by f l e x i b l e tubing t o a special e x t r a c t i o n tube w i t h nozzle assembly t h a t can be i n s e r t e d i n t o a f u e l e d c a n i s t e r b a r r e l and c o n t r o l l e d by an operator above on t h e Basin g r a t i n g . The nozzle i s designed w i t h openings t o r e s t r i c t p a r t i c l e s l a r g e r than 0.25 i n . (0.64 cm), leaving them i n t h e c a n i s t e r . The nozzle i s c o n t r o l l e d by a valve which when opened during sampling allows sludge t o be pulled i n t o t h e sample c o n t a i n e r under t h e force of t h e established vacuum in t h e sample container. The sludge material i s minimally disrupted by t h i s sampling technique.
elements and the c a n i s t e r , thus allowing c o l l e c t i o n o f t h e sludge t o the bottom of the b a r r e l i n each channel before moving on t o the next opening. The sample c o n t a i n e r s will be cleaned p r i o r t o use t o minimize p o s s i b l e contamination from f a b r i c a t i o n processes (Bridges 1996) .
The sampling apparatus The The sampler i s b a s i c a l l y i n l e t and o u t l e t p o r t s on t h e
The e x t r a c t i o n nozzle will be guided down between t h e f u e l 9 WHC-SD-SNF-PLN-016, Rev. 0 I WHC-SD-SNF-PLN-016, Rev. 0 I t i s planned t h a t each c a n i s t e r sludge sample be about 500 ml, approximately double the s i z e of f l o o r sludge samples taken previously (Baker 1995a ). t h i s SAP, p l u s contingent sample volume t o use f o r f u t u r e tests including such p o t e n t i a l process demonstration t e s t s a s K Basin sludge combined w i t h TWRS DST sl udge.
This should provide enough sample f o r analyses c a l l e d f o r i n The sampling team w i l l follow approved sampling procedures during t h e Detailed d e s c r i p t i o n s of t h e sampling apparatus c o l l e c t i o n of t h e samples. and methodology w i l l be provided i n t h e sampling procedure (K Basins OP-43-020E) and Master Work Plan (K Basins MWP-95-005).
Each sludge sample container will be labeled with a unique number. SNFE group Test Engineer s h a l l v e r i f y t h a t t h e samples a r e properly i d e n t i f i e d and t h e sample l o c a t i o n i s recorded p r i o r t o moving t h e sample from t h e 105-K East Basin a r e a . sample custody during t r a n s p o r t a t i o n w i l l comply with t h e requirements defined i n K Basin procedure MWP-95-005.
The
The SNFE group Test Engineer w i l l ensure t h a t the A f t e r t h e sludge samples have been c o l l e c t e d , they w i l l be moved t o t h e The a r e a i n t h e K Basin pool used f o r hydrogen generation checks and subsequently moved t o t h e Chem-Nuclear cask f o r t r a n s p o r t
t o t h e l a b o r a t o r i e s . packaging of t h e samples w i l l comply w i t h applicable WHC procedures. of t h i s SAP t o s h i p t h e samples t o t h e a n a l y t i c a l l a b o r a t o r i e s a s quickly a s possible and be a t l e a s t within 1 month of when they a r e c o l l e c t e d .
l o g i s t i c s preclude shipment within 1 month from t h e d a t e of sampling, t h e SNFE group Project Coordinator w i l l evaluate the s i t u a t i o n t o confirm applicable s t o r a g e f o r the samples. however l o g i s t i c s may delay t r a n s p o r t . fuel and sludge sampling campaign a t K East Basin between April and June 1996. The Chem-Nuclear cask i s l a r g e (15 tons) and holds only six samples (combination of fuel and sludge sample c o n t a i n e r s ) . Sequencing, ALARA concerns, hydrogen monitoring, and waiting f o r a f u l l cask load could delay shipment of samples t o the laboratory up t o t h e 1 month period. be no problem w i t h sample i n t e g r i t y during t h i s period a s c o l l e c t e d samples w i l l be maintained under conditions e s s e n t i a l l y t h e same a s they were p r i o r t o c o l l e c t i o n ( i . e . , underwater, same water pressure, same temperature, e t c . ) and they w i l l be c o n t r o l l e d by t h e Chain of Custody methods.] evaporation. s l u r r i e s and would adversely a f f e c t t h e sample (pH change), chemical preservation of samples w i l l not be performed.
There i s no a n a l y t i c a l hold time l i m i t on t h e samples. I t i s t h e i n t e n t I f
[The samples should be shipped a s soon as possible, Sludge sampling i s p a r t of an overall There should
In the l a b o r a t o r i e s t h e samples w i l l be sealed hermetically t o avoid Because chemical preservation s t e p s do not make allowance f o r I t i s planned t h a t (1) t h e a n a l y t i c a l l a b o r a t o r i e s w i l l dispose of t h e remains of t h e sludge and water from analyzed samples once t h e analyses a r e complete and (2) any s i g n i f i c a n t q u a n t i t i e s of sludge not used f o r analyses will be returned t o K Basin i f no additional analyses o r t e s t i n g i s a n t i c i p a t e d . The s e l e c t i o n of c a n i s t e r s w i l l address t h e parameters discussed i n Section 2.1, p l u s o t h e r requirements imposed by t h e sampling equipment ( i . e . , being l o c a t e d d i r e c t l y under a g r a t i n g s l o t , being a b l e t o f i t t h e e x t r a c t i o n nozzle i n t o t h e c a n i s t e r barrel between fuel elements, e t c . ) .
a
from the immediate a r e a t o be drawn i n with t h e c a n i s t e r sludge samples. This i s viewed as acceptable as i t should be a minimal e f f e c t and t h e r e i s a continuum between t h e c a n i s t e r sludge and f l o o r sludge i n these areas ( i . e . , f r e e exchange of material i n t h e s e a r e a s ) .
As noted i n Section 2.1, i t i s assumed because t h e K East Basin c a n i s t e r s I t i s
Sample Preparation
Procedure(s) f o r sample preparation, including hot c e l l operations i f necessary, s i m i l a r t o WHC-SD-NR-TP-408, "Procedure f o r Processing S1 udge Samples from K East Basin Floor and Weasel P i t " w i l l be prepared by t h e a n a l y t i c a l laboratory performing t h e analyses. This t e s t plan i s being referenced because i t i s assumed t h a t t h e 105-K East Basin c a n i s t e r samples w i l l be s i m i l a r t o those samples. The sample preparation procedure w i l l contain the d e t a i l e d i n s t r u c t i o n s necessary t o s a f e l y and properly record observations, decant and subsample (as needed), d i g e s t ( i f necessary), handle, package, and l a b e l each sample and i t s d e r i v a t i v e s in t h e hot cell/hood.
The sample preparation ( f o r ICP, GEA, e t c . ) involves drying t h e sample i n a polytetrafluoroethylene (PTFE; t e f l o n ) beaker on a hot p l a t e and then an a c i d d i g e s t i o n . Therefore, subsamples f o r organics analyses and o t h e r analyses a f f e c t e d by e i t h e r drying o r acid digestion (TIC, TOC, TC, DSC, IC, XRD, e t c . ) need t o be obtained p r i o r t o sample preparation. In some c a s e s , as s p e c i f i e d i n the LOI, the l i q u i d portion and t h e wet sludge should be sampled f o r t h e various analyses.
The "normal" and "research" samples d i f f e r i n t h a t t h e research samples w i l l be separated f o r analyses of individual l a y e r s . A "normal" sample w i l l be homogenized and analyses w i l l be performed on t h e i n t e g r a t e d p r o p e r t i e s . The "research" samples w i l l be separated i n t o major " l a y e r s " and each l a y e r analyzed. This i s necessary f o r meaningful rheology measurements and i s of i n t e r e s t f o r p o s s i b l e impact of s e t t l e d l a y e r s behaving d i f f e r e n t l y than t h e mixed mass of the sample ( e . g . , plutonium concentration). i d e n t i f i e d a s was done f o r t h e recent f l o o r sludge samples--that i s a visual i d e n t i f i c a t i o n by c o l o r and/or t e x t u r e of regions of sludge material appearing a s stratum a f t e r s e t t l i n g s t u d i e s a r e completed; i n the f l o o r sludge samples two l a y e r s were t y p i c a l l y found.
Analysis of a l l t h e sludge samples by l a y e r s was considered i n o r d e r t o determine t h e p o s s i b l e e f f e c t s such as plutonium being d i s t r i b u t e d d i f f e r e n t l y between t h e heavier and l i g h t e r sludge l a y e r s . I t was however concluded the
Layers w i l l be -
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WHC-SD-SNF-PLN-016, Rev. 0 l i m i t e d number of research samples ( a t l e a s t two) would be s u f f i c i e n t . Factors involved i n t h i s decision (not analyzing by l a y e r s i n a l l samples) included: d i f f i c u l t y in o b j e c t i v e l y determining l a y e r s , s e t t l i n g d i f f e r e n c e s between t h e actual basin i t s e l f and i n t h e a n a l y t i c a l l a b o r a t o r y , a d e s i r e t o maintain t h e maximum sample q u a n t i t y t o minimize p o t e n t i a l f o r inhomogeneities when s p l i t t i n g , and l a c k o f o b j e c t i v e d a t a concerning t h e d i s t r i b u t i o n of the
heavier components. This decision a l s o assumes t h a t i f t h e sludge material i n t h e basin i s t r a n s f e r r e d t o tank farms o r s e n t t o s o l i d waste d i s p o s a l , i t w i l l be s e n t i n i t i a l l y a s a mixture, although some separation i n t o l a y e r s may occur i n t r a n s i t and a f t e r deposited i n the DST.
The a n a l y t i c a l l a b o r a t o r y will document and photograph both the appearance of t h e research samples and t h e number o f l a y e r s o r s t r a t a seen based on appearance ( e . g . , c o l o r , t e x t u r e , e t c . ) . The samples w i l l be reviewed a f t e r t h e s e t t l i n g s t u d i e s t o choose research samples, i f unique layering i s noted so t h a t more than two research samples a r e needed, this option w i l l be considered. For each sludge research sample t h e l a b o r a t o r y preparation personnel w i l l s e p a r a t e t h e sludge l a y e r s i n t o d i f f e r e n t sampling c o n t a i n e r s . A f t e r separation, each l a y e r will be processed according t o t h e laboratory sample preparation procedure, which will be defined i n t h e LOI.
These "research" samples w i l l be chosen t o be s i m i l a r t o previously s e l e c t e d "normal" samples, so t h a t comparisons can be made between t h e samples handled as one u n i t and those handled i n l a y e r s . a n a l y t i c a l l a b o r a t o r i e s measure and record t h e evolving d e n s i t i e s o f t h e c a n i s t e r sludge samples ( i . e . , a s -s e t t l e d , centrifuged, d r i e d , e t c . ) . These d e n s i t i e s w i l l allow both comparison t o p a s t work (Miller 1995; S i l v e r s 1995) and t h e s t a t e of sludge a s c o l l e c t e d . I t i s very important t h a t t h e WHC-SD-SNF-PLN-016, Rev. 0 3.0 LABORATORY ANALYSIS INSTRUCTIONS
. 1 GENERAL
S p e c i f i c i n s t r u c t i o n s on processing of each c a n i s t e r sludge sample i n t h e a n a l y t i c a l l a b o r a t o r i e s w i l l be provided by l e t t e r s of i n s t r u c t i o n (LOI) from t h e SNFE group Project Coordinators p r i o r t o shipment of samples.
f i s s i l e and f i s s i o n product content f o r c r i t i c a l i t y , s h i e l d i n g and a c c o u n t a b i l i t y . one u n i t . Some of t h e sludge physical p r o p e r t i e s (e.g., s e t t l i n g r a t e ) will be obtained p r i o r t o any subsampling e f f o r t s . Others, such a s v i s c o s i t y and p a r t i c l e size/shape, must be determined from a l i q u o t s taken p r i o r t o c e n t r i f u g i n g . After c e n t r i f u g i n g ( p r i o r t o heating o r acid d i g e s t i o n ) , a l i q u o t s of both t h e l i q u i d and t h e s o l i d s will be obtained from each sample. These a l i q u o t s will be used by the laboratory f o r organic, TIC, TOC, XRD, DSC, TGA, and o t h e r analyses s e n s i t i v e t o e i t h e r drying o r acid d i g e s t i o n . An a l i q u o t of t h e thoroughly s t i r r e d d r i e d sludge, of s u f f i c i e n t weight (about 10 g) t o minimize sample heterogeneity, w i l l then be processed through an acid d i g e s t s t a g e . An a l i q u o t of t h e acid digested sludge s h a l l be prepared and sent t o t h e laboratory. Any s o l i d s which remain a f t e r the acid d i g e s t i o n s t e p w i l l be analyzed by X-Ray d i f f r a c t i o n .
The l a b o r a t o r y w i l l analyze each a l i q u o t i n d u p l i c a t e o r a s d i r e c t e d i n
Each sludge sample w i l l be analyzed t o a s c e r t a i n p r o p e r t i e s such a s Each sludge sample w i l l be t r a n s f e r r e d t o t h e a n a l y t i c a l l a b o r a t o r y as Section 8.0 of t h e SAP and the LOI. Each subsample taken from t h a t a l i q u o t must go through separate sample preparation, i f sample preparation i s required.
acid d i g e s t i o n s t e p , then analyses f o r t h a t sample may be l i m i t e d t o higher p r i o r i t y d a t a . The laboratory should subsequently document t h e reason f o r not performing any of t h e analyses c a l l e d f o r i n t h e LO1 i n t h e n a r r a t i v e of t h e i r d a t a r e p o r t . An a l t e r n a t i v e t o not performing t h e analyses i s t o have K Basin Operations t a k e additional samples f o r the "other" required analyses. The choice of not performing analyses o r requesting additional samples w i l l be a t t h e d i s c r e t i o n of t h e SNFE group Project Coordinator.
A flowchart showing the general a n a l y s i s scheme f o r t h e sludge samples i n the l a b o r a t o r y i s presented i n Figure 2 . a n a l y t i c a l laboratory work a r e shown i n Table 1. The reason o r need f o r each of t h e s e analyses i s defined i n t h e 000, (Makenas et a l . , 1996a) . In general t h e samples designated as "normal" w i l l receive a l l the analyses i n Tables 1  and 2 with the exception of those r e l a t e d t o rheology measurements. "research" samples will be s p l i t i n t o samples of t h e observed l a y e r s o r s t r a t a and t h e s e w i l l i n general receive a l l t h e analyses i n Tables 1 and 2 including rheology measurements ( a l s o s e e Section 2.2.5 and 3.1). Note t h a t no analyses f o r waste designation a r e c a l l e d f o r i n t h e DQO (see Section 2.2 o f t h a t document). f o r K Basin sludge t h a t the waste designation will be made based on "process h i s t o r y . " assessed from t h e XRD measurements f o r m e t a l l i c Zr, m e t a l l i c U, and U hqdride.
Exothermic r e a c t i o n s a r e being evaluated by d i f f e r e n t i a l scanning calorimetry.
I f a s u f f i c i e n t amount of d r i e d sludge i s not a v a i l a b l e f o r t h e The a n a l y t i c a l t e s t s f o r the The T h i s follows d i r e c t l y from the assumption made by t h e SNF Project
As discussed i n t h e DQO pyrophoricity of the sludge i s being WHC-SD-SNF-PLN-016. Rev 
16
WHC-SD-SNF-PLN-016, Rev. 0
A n a l y s i s Technique Table 1 . 105-K East C a n i s t e r Sludge Analyses f o r t h e A n a l y t i c a l Laboratory. Table 2 shows the a n a l y t e s , methods, and t h e laboratory procedures required f o r t h e a n a l y s i s of t h e samples. requirements f o r d e t e c t i o n l e v e l s , precision, and accuracy of d a t a r e s u l t s . Table 2 will have t o be re-evaluated. One reagent blank w i l l be r u n i f required by t h e laboratory procedure f o r each a n a l y t i c a l batch. An equipment blank from t h e sample c o l l e c t i o n mockup w i l l be run f o r each s e t of new sampling equipment ( i . e . , plan i s f o r one s e t of equipement f o r K East Basin and one s e t f o r K West Basin). A hot c e l l blank ( i f t h e hot c e l l i s used) w i l l be analyzed f o r each hot c e l l batch o r a s required by l a b o r a t o r y QA. One method control standard w i l l be run w i t h each batch. A matrix spike w i l l be run per matrix, where applicable, a s indicated i n Table 2 .
C o n s t i t u e n t s t o be Reoorted
Note t h a t i f d i l u t i o
n f a c t o r s change from what i s expected based on f a c t o r s from recent f l o o r sludge sampling (Miller 1995), t h e d e t e c t i o n l e v e l s , p r e c i s i o n , and accuracy values shown i n
The t a b l e s a l s o l i s t the
Additional analyses of t h e l i q u i d f r a c t i o n of t h e sludge samples, beyond those noted i n Figure 2 , a r e potential options t o support (1) c a l c u l a t i o n of maximum t h e o r e t i c a l l e a c h a t e concentration f o r RCRA heavy metals, and/or ( 2 ) t o t e s t bench s c a l e water/sludge processing concepts. These w i l l be addressed i n t h e LO1 t o t h e l a b o r a t o r i e s i f they a r e t o be performed. I t i s acknowledged t h a t due t o the potential dose r a t e of t h e s e samples such analyses could r e q u i r e s i g n i f i c a n t additional preparation and c o s t s a t t h e l a b o r a t o r i e s .
t o those required f o r a " f u l l " d a t a package ( a s discussed i n t h e following paragraph). a n a l y t i c a l procedures. The control standards, spike recoveries, precision between d u p l i c a t e s , hot c e l l blanks, and equipment blanks need t o be within t h e s p e c i f i e d requirements a s noted i n Table 2 . d u p l i c a t e s o r t h e spike recoveries exceed t h e appropriate c r i t e r i a t h e r e a r e two options; (1) make one rerun t o see i f acceptable r e s u l t s a r e obtained ( i f they a r e not r e p o r t QC f a i l u r e t o SNFE group) o r ( 2 ) r e p o r t QC f a i l u r e and suggested a c t i o n s immediately t o SNFE group Program Coordinator f o r evaluation.
Quality assurance (QA) and q u a l i t y control (QC) information w i l l conform
The QA/QC standards must conform t o Table 2 and/or t h e a p p l i c a b l e I f the precision between
The d a t a package w i l l g i v e t h e d u p l i c a t e r e s u l t s , a l l t h e QC d a t a (laboratory method control standard r e s u l t s , spike recovery r e s u l t s , hot cell blank r e s u l t s , the equipment blank r e s u l t s ) , deviations from any of t h e requirements, and a n a r r a t i v e .
P r a c t i c a l Quantitation Level (PQL) a s used i n this document i s the d e t e c t i o n l e v e l which i s expected t o be achievable by t h e laboratory t o analyze a l i s t e d c o n s t i t u e n t , y e t i s low enough t o d e t e c t whether t h e c o n s t i t u e n t i s present i n concentrations s i g n i f i c a n t t o resolving d a t a q u a l i t y o b j e c t i v e s .
Precision and accuracy requirements f o r laboratory a n a l y t i c a l results s p e c i f i e d i n t h i s document a r e based on an assessment of achievable l a b o r a t o r y c a p a b i l i t i e s , given the complex nature of t h e samples t o be analyzed, t h e i r r a d i o a c t i v e n a t u r e ; and the consequent handling, d i l u t i o n , and a n a l y s i s methods prescribed. The precision and accuracy statements c a l c u l a t e d from t h e recent K East Basin floor sludge samples were also considered in determining the requirements presented in Table 2 . (Makenas et al. 1996a ) consolidate and incorporate the various analyses performed to assure that the overall process will produce the analytical results leading to a realization of the sampling objectives.
The DQOs for this sampling effort 20 Table 2 . A n a l y t i c a l Requirements f o r t h e 105-K East Basin C a n i s t e r Sludge Samples ( --'Required P r a c t i c a l Q u a n t i t a t i o n L i m i t (PQL) has been established based on expected concentrations and use of the data, taking i n t o account d i f f e r e n t c a p a b i l i t i e s of the laboratories for the e q u i m n t and analysis methods i n use.
'Measured sample p r e c i s i o n determined by duplicate analyses. The Relative Percent Difference (RPD) between the duplicate analyses i s w i t h i n the specified bunds; e.9..
-25% < RPO c 25%.
3 A l l spike recoveries should be w i t h i n *25%. A l l method standard recoveries should be w i t h i n s t a t i s t i c a l process c o n t r o l (SPC).
4The sanple preparation procedure w i l l provide the c a l c u l a t i o n used t o determine the sludge s e t t l e d density.
'Analyze f o r PCB i f PCBs are detected as T I C S i n SVOA. Precision and accuracy w i l l be provided i n LO].
61f available from r o u t i n e analysis, extraordinary measures (purchase of new equipment) not required. RPD = [(result1 -result2)/meanl*l00.
A s e r i a l d i l u t i o n (SO) m i l l be used t o evaluate the method accuracy f o r sane metal analytes.
'Report i f data are generated as p a r t of other requested analyses. 'Required Practical Puantitation Limit (PPL) has been established based on expected concentrations and use o f the data, 'Measured sample precision determined by duplicate analyses. The Relative Percent Difference (RPD) betueen the duplicate ,All spike recoveries should be w i t h i n f25X. A l l method standard recoveries should be w i t h i n s t a t i s t i c a l process 4The sample preparation procedure w i l l provide the calculation used t o determine the sludge s e t t l e d density.
'Analyze f o r PCB i f PCBs are detected as T I C S i n SVOA. Precision and accuracy w i l l be provided i n LOI. 61f available from r o u t i n e analysis, extraordinary measures (prrchase of new e q u i p e n t ) not required.
'Report i f data are generated as p a r t o f other requested analyses. takins i n t o account d i f f e r e n t c a p a b i l i t i e s of the laboratories for the equipnent and analysis methods i n use.
analyses i s w i t h i n the specified bounds; e.g., -25% < RPD < 25%. RPD = K r e s u l t l -result2)/meanl*lOO. ' A l l spike recoveries should be w i t h i n t25X. A l l method standard recoveries should be w i t h i n s t a t i s t i c a l process 4The sample preparation procedure w i l l provide the c a l c u l a t i o n used t o determine the sludge s e t t l e d density.
'Analyze f o r PCB i f PCBS are detected as T I C S i n SVOA.
61f evai l a b l e from r o u t i n e analysis, extraordinary reasures (purchase of new equipnent) not required.
taking i n t o account d i f f e r e n t c a p a b i l i t i e s of the l a b r a t o r i e s f o r the equipnent and analysis methods i n use.
analyses i s w i t h i n the s p e c i f i e d bounds; e.g., -25% < RPD < 25%. RPD = [(result1 -result2)/neanl*100.
c o n t r o l (SPC).
The Relative Percent Difference (RPD) between the duplicate A s e r i a l d i l u t i o n (SD) w i l l be used t o evaluate the method accuracy f o r some n e t a l analytes.
Precision and accuracy w i l l be provided i n LOI.
7Report i f data are generated as p a r t of other requested analyses. IIZeta P o t e n t i a l Zeta p o t e n t i a l I l TBD lTBD 'Required P r a c t i c a l Q u a n t i t a t i o n L i m i t (PPL) has been established based on expected concentrations and use of the data, taking i n t o account d i f f e r e n t c a p a b i l i t i e s of the laboratories f o r the equipnent and analysis methods i n use.
'Measured sample p r e c i s i o n determined by duplicate analyses. The Relative Percent Difference (RPD) between the duplicate analyses i s w i t h i n the specified bounds; e.%, -25% < RPD < 25%. RPD = [(result1 -result2)/meanl*l00.
' A l l spike recoveries should be w i t h i n t25X. A l l method standard recoveries should be w i t h i n s t a t i s t i c a l process 4The sample preparation procedure H i l l provide the calculation used t o determine the sludge s e t t l e d density.
'Analyze for PCB i f PCBs are detected as T I C S i n SVOA. Precision and accuracy u i l l be provided i n LOI.
61f available from r o u t i n e analysis, extraordinary measures (purchase of new equipnent) not required.
'Report i f data are generated as p a r t of other requested analyses.
c o n t r o l (SPC).
A s e r i a l d i l u t i o n (SD) u i l l be used t o evaluate the method accuracy for some metal analytes.
Sp--At least one spike analysis required.
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LABORATORY REPORTING REQUIREMENTS
The laboratories will be required to submit a final report within a period defined in the LO1 from SNFE group Project Coordinator to the laboratories. Opportunities for parallel operations will be developed and schedules will be prepared for laboratory work which will minimize the time actually required. Samples will be processed through the laboratory with the priority required to meet the completion date given in the LOI. The laboratory will be required to submit interim preliminary data reports to the SNFE group Project Coordinators as requested. The final reports submitted to the WHC SNFE group Project Coordinators for technical review will conform to the requirements for a "full" data package (e.g., similar to Silvers 1995; Miller 1996) . The final report shall document any deviations from the requirements of this document, provide a summary of the analytical results (duplicates, control standard recoveries, and spike recoveries), and give a narrative. Additional information on the data report content is given in Sections 3.1 and 3.2.
Data related to dose rates measured on samples to be shipped between the 325 Building and 2 2 2 4 analytical laboratories, should be transmitted from the shipping laboratory to the receiving laboratory at least 5 working days prior to the actual shipment.
STATISTICAL ANALYSIS REQUIREMENTS
A statistical analysis of the data will be performed by the Process Chemistry and Statistics group. For each analyte, analysis of variance (ANOVA) techniques will be used to fit a statistical model to the data. This statistical model can be used to:
Estimate the variability between samples (heterogeneity of the canisters sampled) Estimate the analytical variability (precision)
Compute a 95% confidence interval on the mean concentration for each analyte Compare canister sludge data to floor sludge data.
The report providing the results of the statistical analysis of the data may be separate from the full data package to expedite data communication.
DATA PACKAGING
Analytical analysis results will be reviewed and processed on a priority basis by the analytical laboratory and other supporting organizations t o meet the schedules provided in the LOI. Approved procedures w i l l be used which t a k e i n t o account t h e a n t i c i p a t e d r a d i a t i o n exposure r a t e l e v e l s .
Personnel w i l l be t r a i n e d on t h e procedures p r i o r t o u s i n g them. A contingency procedure w i l l be provided f o r use when sampling problems a r i s e .
As r e q u i r e d H e a l t h Physics s t a f f w i l l conduct a p r e -j o b meeting w i t h t h e sampling team, and t h e SNFE group Test Engineer w i l l conduct a d a i l y b r i e f i n g w i t h t h e sampling team on t h e planned a c t i v i t i e s f o r t h a t day.
Hand exposure d u r i n g sample t r a n s f e r s w i l l be monitored u s i n g f i n g e r r i n g TLDs, i f r e q u i r e d .
Members o f t h e sampling team, i n c l u d i n g observers, w i l l be l i m i t e d t o o n l y those a b s o l u t e l y necessary t o p r o p e r l y perform t h e sampling a c t i v i t i e s .
H e a l t h Physics personnel w i l l e s t a b l i s h dose r a t e "standby areas" f o r t h e sampl i n g team members.
As a r e s u l t o f t h e above ALARA actions, estimates o f t h e o v e r a l l t o t a l whole-body exposure t o t h e sampling team personnel and R a d i a t i o n Technician w i l l be p r o j e c t e d and c l o s e l y monitored.
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QUALITY ASSURANCE AND CONTROL PLAN
' process a c t i v i t i e s will be performed i n accordance with the requirements of t h i s plan, along with t h e approved sampling and a n a l y s i s procedures. c o n t r o l s i d e n t i f i e d i n this plan, along w i t h those contained in t h e program plan, have been e s t a b l i s h e d t o assure t h e applicable q u a l i t y assurance requirements of WHC-CM-4-2, Oualitv Assurance Manual, a r e s a t i s f i e d during t h e performance of t h i s a c t i v i t y . 'In addition, t h e a n a l y t i c a l laboratory w i l l perform t h e analyses t o i t s i n t e r n a l q u a l i t y assurance program plans. The 222-S Laboratory will follow WHC-SD-CP-QAPP-016, Oualitv Assurance Prosram Plan f o r Laboratory Analysis and Process Testinq. The 325 Laboratory w i l l follow MCS-033, Q u a l i t y Assurance Plan f o r A c t i v i t i e s Conducted bv t h e Analytical Chemistry Laboratory. c a l i b r a t i o n s and blanks a r e found in t h e a n a l y t i c a l procedures noted i n Table 2 . Sample q u a l i t y control (duplicates, spikes, and standards) a r e i d e n t i f i e d i n Table 2 , i n Section 3.1 o r i n t h e following paragraph. I f no c r i t e r i a a r e provided in t h e c u r r e n t document, t h e performing l a b o r a t o r y s h a l l perform t o i t s q u a l i t y assurance p l a n ( s ) .
Sample groups w i l l be assigned c a t e g o r i e s i n LO1 t h a t r e f l e c t t h e number of d u p l i c a t e s and spike analyses t h a t should be run.
Catesory
All sampling, sample handling, sample packaging/shipping, and a n a l y t i c a l The Method s p e c i f i c q u a l i t y control and q u a l i t y assurance such a s
The c a t e g o r i e s are:
1
Laboratories w i l l s e l e c t f o u r of t h e samples (from t h e seven normal samples) f o r d u p l i c a t e analyses and one sample f o r spike analyses. The balance of t h e samples will be handled as normal l a b o r a t o r y batches with QA a s per t h e f i r s t paragraph of t h i s s e c t i o n .
For t h e two Research Samples t h e l a b o r a t o r i e s w i l l run d u p l i c a t e s on l a y e r analyses, no spike analyses a r e required.
2
As noted previously, d u p l i c a t e s a r e r e p e a t s of a l l analyses a f t e r completion of s e t t l i n g analyses. should optimize t h e use of samples with l a r g e r volumes f o r d u p l i c a t e s , allowing t h e maximum number of requested analyses t o be performed f o r each category.
sludge analyses ( e . g . , equipment blanks, e t c . ) , processing them on a b e s t e f f o r t b a s i s with c r i t e r i a s i m i l a r t o t h a t c a l l e d out i n Table 2, t h e applicable l a b o r a t o r y procedures, o r a s c a l l e d f o r i n t h e f i n a l LOI.
Selection of samples w i t h i n c a t e g o r i e s
Care should be taken w i t h water samples processed i n conjunction w i t h t h e 30
